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. ABSTRACT

| Biochemical studies were carried out on ten cocoa types to find out their
different levels of resistance to Cocoa Swollen Shoot Virus. The beans were
inoculated via viruliferous nymphs of mealy bugs, and observed after planting for
3 months. Patches of barks of severe symptom bearing cocoa types were also
tested through grafting on healthy Amelonado plants and observed for 3 months.
Significant differences were observed in the cocoa types in terms of symptoms
appearance and in severity. PA150 X NA33, T63/967 X T65/326 and T85/199 X
PA7 were observed to be the best resistant to the CSSVD whilst T85/799 X
T65/238, Amelonado X Amelonado, T85/799 X Amelonado, T85/799 XT65/326,
and T85/799 X T79/501 were observed to be poor in resistance. _

In the investigations, there was weak correlation (0.333) between total
polyphenol content and susceptibility of cocoa types to the CSSV, whereas a
significant correlation (-0.58) existed between total nitrogen content and
susceptibility to the Cocoa Swollen Shoot Virus. PA150 X NA33 had the highest
nitrogen content, and statistically different. There were no differences between
T85/799 X Amelonado, T63/967 XIMC60 and Amelonado X Amelonado.
T85/799 X T65/238 had the lowest and different from the rest.

From the polyacrylamide gel electrophoresis, protein with molecular
weights ranged from 12.0 to 62.6 kDa. A pathogenic related protein of size 23.9
kDa was detected in PA150 X NA33, T85/799 X Amelonado and on Amelonado
X Amelonado. Another pathogenic related protein of size 46.6 kDa and 23.9 kDa

were detected in T85/799 X T79/501.
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CHAPTER ONE
INTRODUCTION

Cocoa (Theobroma cacao L), a crop of ancient origin has become a
commodity of major importance in many countries. The importance of cocoa
to the world economy is very enormous. To the agricultural sectors of the top
ten producer countries including Céte d’Ivoire, Ghana, Brazil, Malaysia;
Cameroon, Ecuador, Colombia, Indonesia, Grenada and the Dominican
Republic; cocoa is of regional importance, providing a major source of
employment in agriculture in these areas (V ingerhoets, 1997).

The crop is consumed widely, mainly in the middle- and high- income

countries of the temperate zones. The top 10 countries represent around 75%
of world exports (Vingerhoets, 1997).
There is close cooperation between producer and consumer countries, with the
objective to reduce fluctuations in prices; to improve the transparency of the
world market: to stimulate cocoa development all over the world; and, in
general, to work together in all aspects of the world cocoa economy
(Vingerhoets, 1997).

West Affica accounts for 68 percent of the world’s production; Asia,
principally in the Sulawesi area of Indonesia, accounts for 18 percent of the
world’s total; and, Latin America, in Brazil, Mexico, Ecuador, Costa Rica and

a number of Caribbean islands, generating about 14 percent of the world’s
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mymmwmmpmduoe 3.2 million tonnes of cocoa
artiually, with 2 market value of over US $5 billion, (Vingerhoets, 1997).

In Ghana, cocoa has been the mainstay of the economy for decades. As
a contributor to the Gross Domestic Product (GDP), in the years 1958 to 1961,
it accounted for an average of 13.7 percent of the GDP at constant prices
(Kiltick, 1961). Of the 43% contribution of Agriculture to GDP and 45% of
total exports, about 13% of the Agricultural GDP is accounted for by cocoa
{World Investment News. Multinedia Information Company. 2002)

Ghana has always been among the first three on the table of producers
in the world. For 66 years (1910 to 1977), Ghana retained world's leadership
in cocoa production with market shares ranging from 30-40% of the world's
total production (Bateman, 1988). Cocoa production has been well above the
300,000-tonnes mark for several years with production peaking at 571,000
tonnes in 1964/65, but has since then fluctuated over the years between
150,000 and 350,000 tonnes per annum as a result of diseases, bad weather
and bushfires with Ghana losing her first position to Cote d'Tvoire (Gill and
Duffus, 1989).

The uniqueness of the contribution of cocoa to the economy of Ghana
lay in the fact that the wealth that it created was rural-based. Cocoa provides
employment in many rural communities as well as giving cash to many small
farmers. The cocoa farmer did not only produce enough food for the home, but
became part of the cash economy through the sale of cocoa Until recently
(1994-95) where the yields of cocoa have gone up to 300,000 tonnes and it is
anticipated to increase progressively, yields in cocoa production in the 1980s

generally were low and declining because of a myriad of problems
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) . encountered in the industry. General and more localized studies have
identified seversl techmical factors which have contributed to the dwindling
cocoa production levels in Ghana, Nigeria and other West Africa countries
(Adeyins, 1996, Ollennu ef al., 1989; Anon, 1990; Anon, 1995).

Primary among these problems are the ravages caused by insects
(cocoa capsids (Heteroptera: Miridae), and diseases such as swollen shoot
caused by Cocoa Swollen Shoot Virus and black pod caused by the fungi
Phytophthora palmivora and P. megakarya.

Among all the regional diseases of cocoa, Cocoa Swollen Shoot Virus
Disease (CSSVD) is probably of greatest importance (Pereira, 1996), while
Thresh (1991) reported that the disease is the most intractable and destructive
to strike at the cocoa industry in West Africa. The economic importance is
evidenced by the serious decline in Ghana, Togo, Cote d’Ivoire and Nigeria
In Nigeria, large areas have been abandoned due to the devastation by CSSV
in areas referred to as ‘areas of mass infection’ (Adejumo, 2004).

In Ghana the continuous decline in cocoa production has been largely
attributed to the incidence of Cocoa Swollen Shoot Disease more than any
other disease. Since 1936 several attempts have been made to control the
disease. The removal of infected trees and replanting with improved virus
tolerance varieties have been the basic method of control for CSSV
(Adegbola, 1971). However, Thresh ef al., (1988) and Ollenu et al., (1989)
have emphasised that successive campaigns of eradication have failed due to
the use of cocoa cultivars with moderate tolerance as planting material after

eradication.
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meepmtemdusingmﬂdmofﬁie CSSV against more
virulent and related strains has been attempted (Adegbola, 1973). This method
is risky, for, Broadbent (1964) has pointed out that a *mild’ strain may damage
other crops, and may also mutate into virulent strains (Broadbent, 1964).

There have been many previous attempts; both chemical (Mapother
and Nicol, 1953; Armstrong, 1961; Hannah and Heatherington, 1957,
Marchart, 1968; Firempong, 1984) and biological (Anon, 1951, Decker, 1953,
Donald, 1953, 1955), at controlling the mealy bug vectors of the virus but
these studies were discontinued for varous reasons (Padi, 1997). Recently,
studies on the possible use of natural enemies have been revived (Ackonor,
1997).

Biotechnology using the plant tissue culture method for the production
of pathogen or virus-free clones of economically important plants is currently
being applied in the fight against the Swollen Shoot Virus disease. Studies
have been carried out at Crop Research Institute of Nigeria (CRIN) on cocoa
micro propagation (including germination) to produce clones as cells, somatic
embryos(sexual embryos seeds) without testa in vitro) and plantlets (Esan,
1977, 1982) and also in vifro germplasm conservation. Also, Adenikinju et a/.,
(1989) reported that in CSSV research, there was recovery of virus-free plants
from virus infected indexed cocoa in premium elite stocks. Lately, barner
cropping is being used as one of the control methods against the Swollen
Shoot Virus disease in Ghana It must be realized that an obvious and
sustainable solution to the CSSV problem would be to intensify the search for

cultivars of cocoa with high level of resistance to CSSV infection.
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to the virus compared to the standard Amelonado have been developed
(Thresh et al., 1988). Adu-Ampomsh, (1996) stated that breeding for varieties
with resistance to the disease appears more promising.

Out of several germplasm materials assembled in Ghana for use in
developing resistant varieties, four cocoa groups namely, the Nanays (NA),
the Parinaris (PA), the Iquitos mixed calabacillo (IMC) and the Trinidad
introductions (T) which have been utilised successfully elsewhere were
investigated in Ghana by Adu-Ampomah, (1996) as sources of better
resistance to the disease. However, the levels of resistance in the crosses
among these varied cocoa populations were observed not to be consistent.

Some Biochemical and physiological investigations such as
carbohydrate metabolism and transpiration in healthy and in CSSV-infected
plants have been carried out by earlier workers (Adomako and Hutcheon
(1974) Also, reaction of Ghanaian cocoa varieties to CSSV have been
conducted to study the disease mechanism of CSSV infection (Thresh et al.,
1988). However, very little has been done to use biochemical indexes to assess
resistant levels of CSSV cocoa resistant varieties. This study was therefore an
attempt to look at the mechanisms of CSSV disease induction at the seedling
stage from comparisons of biochemical differences between healthy and
infected plants, and cocoa varieties screened for resistance to CSSV, for
breeding purposes.

The main objective of the study was to determine the biochemical
bases of the variations in resistance levels of cocoa varieties to the Swollen

Shoot Virus. In addition, the study atternpted to:
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@ swdy the biochemical changes with respect to phenolic

compounds, nitrogen and proteins that take place during infection,

and
(i)  study how the biochemical changes influence the type of
symptoms that are observed or expressed.
The results of the study would provide a baseline for the studies of

factors causing variations in cocoa; establish factors that contribute to

resistance in cocoa varieties, and 1o provide conclusive reasons for the various

disease symptoms of CSSV infection.
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CHAPTER TWO
LITERATURE REVIEW

Viruses of cocoa

Some of the important diseases affecting Cocoa are those caused by
viruses, which have been reported in Cbte d’Ivoire, Ghana, Nigena, Sabah,
Sierra Leone, Sri Lanka, and Trinidad (Posnette, 1944; Carter, 1956;
Blencowe, 1971; Brunt and Kenten, 1971). In West Affica four distinct groups
of viruses have been recognized in naturally infected cocoa. These are the
Cocoa Yellow Mosaic Virus (CYMV), reported in Sierra Leone (Blencowe ef
al.,. 1963; Brunt 1970) Cocoa Necrosis Virus (CNV) genus Nepovirus disease
obsesved in Ghana and Nigeria (Owusu, 1971; Thresh, 1958), Cocoa Mottle
Leaf Virus (CMLV) in Ghana and Nigeria and Cocoa Swollen Shoot Virus
(CSSV) in Cdte d’Ivoire, Ghana, Nigeria, Sierra Leone, and Togo. However,
only CSSV can be regarded as a major viral disease (Padwick, 1956).
Cocoa Swellen Shoot Virus

Cocoa Swollen Shoot Virus is classified as a badnavirus (Brunt, 1996,
Lockhart ef al., 1995), a virus with serologically unrelated virions. Cocoa
Swollen Shoot Virus has undoubtedly contributed directly and also indirectly
to the drastic decline in cocoa production that has occurred in West Africa.
Cocoa Swollen Shoot Virus is of great economic importance in West Africa,
with numerous symptomatologically distinct variants and a restricted host

range. Experimental host range is limited to about 30 species in the
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differential susceptibility o different strains (Posnette et al., 1950; Tinsley
end Wharton, 1958). Natural host range is restricted to cacao, Cola
chiamydantha, Ceiba pentandra, Cola gigantea var. glabrescens (Posnette et
al, 1950), and Sterculia tragacantha (Legg and Agbodjan, 1969).

Cocoa Swellen Shoot Virus strains

According to Adegbola (1971), the virus was named Cocoa Swollen
Shoot Virus (CSSV) by the Imperial Mycological Institute in 1946 for the
disease was first graft-transmitted by Posnette (1940). The virus had been
shown to be a complex of viruses of varying virulence with varying symptoms
(Posneite 1947, Posnette and Todd 1955, Thresh and Tinsley 1959). Many
strains of CSSV had been reported in literature but four major strains—1A,
1B, 1C, and 1D had been observed in Ghana (Posnette 1947) while 12 strains
were observed in Nigeria (Posnette 1947).

Many distinct variants have been recorded; initially named
alphabetically; they are now, named by where they were found (Posnette,
1947). The best known Cocoa Swollen Shoot Virus strains include the severe
New Juaben strain (strain A; Theobroma virus 1A) which is widespread in the
Eastern Region of Ghana.

The characteristic features of other well known strains have been
recorded by Thresh and Tinsley (1959). These include Bisa, Bosomuoso,
Bosumtwe, Mampong, mild New Juaben and Nkawkaw from Ghana, Balogun,
Tlesha, Elepo and Offa Igbo from Nigeria, Kongodia and Sankadiokro from
Céte d’lvoire and those from Sri Lanka. Attafuah et al., (1963), also described

those strains from Siesta Leone.
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o . Unpder Smith’s Classification (Smith, 1937), Swollen Shoot Virus
strin A was termed Theobroma virus 1A but by Holmes™ terminology, it was
Marmor theobromae var. A. A combination of scientific, descriptive and local
names has become the order. The most prominent isolates intensively studied
were the severe strains: New Juaben-1A and Kofi Pare-1A (Group A3),
Nsaba-1A and Kpeve (Group Ad), and N1, Bisa, $8365B and Bobiriso (Group
D).
Physical and biochemical properties of CSSV

in partially purified preparations, the thermal inactivation point is 55-
60° C, dilution end point is 10°-10 and infectivity is retained without
appreciable loss for 2-3 months at 2° C (Brunt et al., 1964; Kenten and Legg,
1965). Crude saps are non-infective but extracts made with antioxidants
sometimes infect up to 5% of inoculated cacao beans (Brunt and Kenten,
1962); using concentrated virus preparations, transmission rates from 60 to
90% are obtained

The virions are bacilliform or bullet form, non enveloped, 130nm long
and 28nm wide. The genome consists of double stranded, circular DNA with a
total genome size of 7.4 kb (Lot et al., 1991).
Mode of transmission of Cocoa Swollen Shoot Virus in nature

A number of badnaviruses occur in clonally-propagated plant hosts and
are therefore spread by vegetative propagation of infected plant materials.
Some are transmitted in nature by mealy bugs (Homoptera, Pseudococcidae),
and several are also seed- and/or pollen-transmitted. Cicadellid leathopper
vectors transmit Rice tungro badnavirus. Mealy bugs are the sole vectors of

Cocoa Swollen Shoot Virus (Posnette and Robertson., 1950). Out of 21
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with transmitting the virus from tree to tree (Hall, 1945; Posnette and

Robertson, 1950; Roivainen, 1976).
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Table 1: Mealy bug species recorded on coces in Ghana.

Pianococcoides njalensis Laing®
Planococcus  citri Risso*

Ferrisia viragata KIl +
Phenacoccus  hagreavesi Laing *
Pseudococcus  concavocerrarii James +
Pseudococcus longispinus Tarq +
Pseudococcus  calceolariae Mask
Planococcus  celrus Strickiand *
Planococcus  kenyae Le Pelley
Planococcus  ugandae Laing
Phenococcus madariensis Green
Pseudococcus nr. Fragilis Bramt
Pseudococcus gahani Green
Parapuio anomalus Newst
Paracoccus  ritchei Laing+
Paracoccus protease Laing
Dysmicoccus brevipes Cockerell+
Tylococcus  westwoodi Strickland
Tylococcus ~ boafoensis Strickland
Tylococcus  malacanthae Strickland

Rhizoecus  spelaeus Strickland

+ Transmit one Or more virus strains
*Transmit all but one of the virus strains

Source: Adu-Ampomah et al., (2002).

11




Two species Planococcoides njalensts Laing and Planococcus citri are
fhe commonest and most important (Table 1). The mealy bugs transmit Cocoa
Swollen Shoot Virus with varying degree of efficiency (Adu-Ampomah ef al.,
2002). Planococcoides njalensis is the most important vector in Ghana and it
transmits most of the virus strains/isolates found in Ghana (Hall, 1945;
Campbell, 1983; Bigger, 1981).

Planococcoides njalensis is relatively sedendary (Adu-Ampomah ef
al., 2002) so other more mobile vectors such as Phenococcus hagreasi,
Planococcus citri and Ferrisia viragata may be relevant in terms of natural
spread (Donald, 1955, Campbell, 1983, Bigger, 1981).

The Cocoa Swollen Shoot Virus can occur in many vector species.
There is also specificity between individual virus isolates and their vectors.
For example CSSV 1M (Mampong) is transmitted by Planococcoides
njalensis and Planococcoides adonidum whereas the close related CSSV 1A
(New Juaben) is transmitted by Planococcoides njalensis and not by
Planococcoides adonidum (Adu-Ampomah et al., 2002).

Cocoa Swollen Shoot Virus and vector relationships

Like all badnaviruses, Cocoa Swollen Shoot viruses are transmitted in a
semi persistent manner by mealy bug or leathopper (RTBV) vectors. Nymphs
(1st,2nd and 3 rd instars) and female adult mealy bugs spread the virus
radially between adjacent trees by crawling through the canopy from infected
to healthy trees or being camried by attendant ants (Crematogaster and
Camponotus sp.) (Adu-Ampomah ef al., 2002). Adult male mealy bugs have
only rudimentary non- functional mouthparts and do not feed (Adu-Ampomah

et al., 2002) and so the male adults are unable to transmit the virus (Brunt,

12
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| mw,mwmomwhm infective mealy bugs are
bbmbytewﬂud‘mamwdimﬁommeoﬁginal site of
infiection (Adu-Ampomsh et al., 2002; Strickland, 1950, Comwell, 1960;
Thresh et al., 1988).

'Ibemellybugsquirsﬁlevimsduring feeding on cocoa swollen
shoot infected plants. The virus is retained when the vector moults, but does
pot multiply in the vector nor is transmitted congenitally to the progeny of the
insect (Brunt e al., 1996). The vectors can transmit the virus after a8 5-minute
acquisition feeding, but transmission efficiency increases with longer
acquisition feeding. Vectors retain ability to transmit the virus for up to 72
hours and all life stages of vectors can acquire and transmit virus (Lot ef al.,
1991)

A pre-acquisition starvation period slightly increases vector efficiency.
perhaps because it induces the insect to settle more quickly (Posnette and
Robertson, 1950). The minimum acquisition feeding period is 20 minute and
the optimum is probably 2-4 days (Roivainen, 1969). There is no detectable
latent period; insects may transmit within 15 minutes, but maximum
transmission occurs after 2-10 hours (Posnette and Robertson, 1950 Tinsley,
1955). The virus persists in feeding msects for 3 hours or less (Posnette and
Strickland, 1948), but starved aduits and 1st instar nymphs can retain virus for
49 and 24 hours, respectively (Lister, 1953). No transmission occurs through
eges. Ferrisia virgata has specifically transmitted all isolates tested except
that from Mampong which, like Cacao Mottle Leaf Virus, is transmitted

specifically by Pseudococcus longispinus (Posnette, 1950).
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The use of MM

When hesithy Amelonado cocoa seedlings are grafied with bark
patches from hesithy cocoa or cocoa infected with Cocoa Swollen Shoot,
Cocoa Mottie Leaf or Cocoa Yellow Mosaic Viruses, 95% or more of the
patches form unions. If the grafts are from cocoa infected with the Ghana
isolate of Cocoa Necrosis Virus about 90% of the grafis fail to unite,
nevertheless, some 80% of the test seedlings are infected (Owusu and Kenten,
1972). The inoculum pressure has been described in pqtch grafting as too high
and therefore does not stimulate what generally happens in nature during
Cocoa Swollen Shoot Virus infection (Adu-Ampomah et al., 2002).
Cytopathology

The virions of CSSV are found in most parts of the plant particularly
in the cytoplasm. They occur singly or in large groups, randomly distributed
or arranged in palisade-like arrays. They do not occur within inclusion bodies
or membrane-bound structures. (Brunt et al., 1995). Most badnaviruses are not
tissue-limited, and occur in all tissue types. Apart from changes in the internal
organization of mitochondria, there are no data on other cytopathological
effects (Brunt et al., 1995)
Diagnostic cocoa species and symptoms

Amelonado cacao is very susceptible to CSSV (Posnette, 1947) and the
cacao beans being readily infected by viruliferous mealy bugs (Posnette and
Strickiand, 1948). The virus can also be transmitted by mechanical inocuiation
with concentrated virus preparations (Brunt and Kenten, 1962). Seedlings
usually produce acute red vein banding and chlorotic leaf symptoms within

20-30 days and, 2-12 weeks later, swellings on shoots and tap roots and
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imgerveinal ieof chlorosis charactesistic of the purtcular sirin (Thresh and
Tinsley, 1959). |
Symptoms of Cocon Swollen Sheot Virus disease

The Cocoa Swollen Shoot Virus (CSSV) disease produces various
symptoms such as red vein banding, vein clearing, and chlorotic spots in
specific tissues or organs. Femn pattem and leaf mottle occur in leaves.
Swellings occur in roots, on mid-stem swelling and tip of the stem. Mottling
occurs on pods of infected plants. These symptoms expressed are different in
various cocoa varieties and there is no idea whether the symptoms have
anything to do with tolerance or resistance to the virus. The effect of Cocoa
Swollen Shoot Virus on the morphology, anatomy, growth and yield of cocoa
are well established (Posnette, 1947; Knight and Tinsley, 1958. Dale, 1962
Lockard and Asomaning, 1965). Leaf chlorosis, stem swellings, stunted
growth, poor fruiting, die back of shoots and reduced growth of lateral roots
are the main symptoms and effects of Cocoa Swollen Shoot Virus Dhsease
reported. According to Thresh (1958), most of the West African isolates of
CSSV and some of those of Sri-Lanka produced stem swellings as the only
permanent symptoms while others including those from Trinidad showed leaf
symptoms. The symptoms may be influenced by other conditions, such as
point of inoculation, size of inoculum, and nature of transmission, route of
transmission, and physiological and environmental factors. However, their
distribution is usually highly specific and often confined to certain organs or
tissues. Chlorosis and mosaics only occur in tissues with functional plastids.
Malformation such as enations may be confined to veins, while some viruses

only affect generative organs (Boss, 1978). Such specific relationships may
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e camsed by the distsibation of the virus within the host. The virus appears to
hmwmmcdmwﬂmdﬂmﬂwvmﬂarmks. Symptoms
may arise due o a special sensitivity of certain organs, tissues or organelles to
the cocoa virus.

Leaf patterns

The leaf symptoms associated with cocoa viruses were not reported
until a few years after the swellings observed by Posnette (1941), though they
are often obvious and resemble those caused by viruses in many other plants.
According to Posnetie (1941) their intensity is probably a better criterion of
virulence than is size of swellings. Leaf symptoms usually precede swellings
but have not been reported from a few field outbreaks, including the one
which occurred near Bisa and others at Peki and Worawora in the Volta
Region. Isolates from these outbreaks have been associated with slight or
transient leaf patterns in young experimentally infected seedlings. Leaves may
become crinkied or asymmetrical with more marked symptoms on the reduced
side, depending on the virulence of the strain concerned. Some isolates cause
abscission of developing leaves or premature shedding of mature ones, which
leads to die-back if repeated on successive flushes (Posnette, 1941).

Almost invariably symptoms are restricted to leaves developed after
infection, and with most of the viruses they usually first appear on the young
flush leaf soon after emergence. Commonly, the veins are bordered by a
narrow red band, caused by accumulation of anthocyanin pigments (Kmght
and Tinsley, 1958), which in the early stages forms a network over the lamina
Later, the pigment is likely 1o become restricted to the midnb and lateral veins

and portions of the finer veins adjacent to them, giving a red ‘featherng’.
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Wit some isolstes, quxch #5 those from Bosunitwe (Ashanti) and Nkawkaw,
the red banding may be wider, the latter sometimes causing a red ‘wash’ or
motdle over much of the lamina, although mainly centred on the lateral
veins(Knight and Tinsley, 1958).. This red mottling is even more strongly
developed by Kpeve. Reddening usually disappears as the leaves turn green
and harden, though it may tumn to green vein-banding which sometimes
temporarily retains a reddish tint. Some types of cocoa have leaves that are
normaily deep red in colour when young or have red veins, and it is naturally
harder to distinguish the above symptoms on such plants (Knight and Tinsley,
1958). As the leaf enlarges, the red pattern is normally soon joined by
chiorotic or transparent lesions, usually also associated in some way with the
veins. Vein clearing in the strict sense of the term, when it occurs at all, is
confined to the fine veins and normally soon changes to chlorotic vein
flecking or banding, the former occasionally being the first symptom to appear
on a leaf. Later, chlorosis commonly takes the form of blotching or spotung,
sometimes coalescing into bands or blocks (Knight and Tinsley, 1958). These
patterns, according to Knight and Tinsley (1958), unlike the reddening, do not
disappear as the leaf matures, but may undergo changes until hardening is
complete. They observed that such changes could be due to the failure of
tissues to develop properly.
Swellings

The first recognized symptoms of virus infection in cocoa were the
branch and twig swellings, found in the great majority of outbreaks, from
which the name “swollen shoot’ arose. These result from greater development

of phloem and xylem, both of which are affected by the virus (Knight and
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M--lﬁﬁi}. The swelling is more extensive in the xylem tissue. Xylem
vnﬁmﬂhmhmmmddsmdphloemceﬂs are
enlarged. (Knight and Tinsley, 1958)

Most Ghangian isolates produce swellings, which differ in size and
frequency between outbreaks. The Kpeve (Cacao Mottle Leaf) virus from the
Volta Region, first discovered in 1940, is the best known of those with which
this symptom is never associated (Thresh and Tinsley, 1959). Different
swelling patterns have been recorded from the Ashanti, the Eastemn and
Western Regions. Some avirulent isolates of the New Juaben virus seldom, if
ever, cause shoot swellings, though the virulent strains produce large and
numerous ones. Swellings tend to be more abundant and conspicuous on
rapidly growing shoots, for which reason chupons usually bear larger ones in
fan branches. They are nodal, intemodal or terminal, several often occurring
on a single shoot, which may terminate in a dead tip-swelling that ultimately
falls from the tree, though further growth may continue from a lateral bud
(Thresh and Tinsley, 1959). Even when large and numerous, the swellings
themselves do not seem to have much effect on the plant; a Bisa (Krobo
District) isolate, though avirulent, produces very conspicuous ones while of
two other relatively mild Eastem Region viruses, one (from Mampong,
Akwapim District) gives many swellings and the other (from Nkawkaw,
Kwahu District), few (Thresh and Tinsley, 1959).

Many isolates produce swellings, with comparable histological
abnormalities on cocoa roots; especially the tap-root, on which they may be
very large. Some mild strains causing few, if any, swellings above ground

induce them more commonly on roots. It has been shown by water-culture
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Wwﬂnﬁa'dmherofmotswdﬁngsonseedlms infected
by virulent New Jusben are negatively correlated with nitrogen supply
(Wharton and Adams, 1955). Plants infected by this and other severe viruses
show considerable necrosis of the fine absorbing rootlets.

The effects of Cocoa Swollen Shoot Virus on cocoa plants

Experiments have been carried out to compare the growth of young
Amelonado seedlings artificially infected with different isolates. Goodall
(1949) showed that, compared with healthy plants, those infected with virulent
New Juaben in the bean stage (Posnette and Strickland, 1948) were lower in
dry weight, leaf area and growth rate. In general, the dry weights of the
component parts were also lower for infected plants; but a smaller proportion
of their dry matter was in leaves and lateral roots and a larger proportion in
stems and taproots. Infection also caused extensive necrosis of lateral roots,
retarded the depletion of food reserves in the cotyledons and reduced the water
content of the plants. Many of the effects were apparent within a month of
infection and planting Goodall (1949).

In similar observations the effects of nine Ghanaian and four Nigenan
isolates were compared (Attafush and Dale, 1957). A New Juaben one proved
the most virulent, reducing total dry weight after eight months to only 16 per
cent of that for healthy plants of the same age. Corresponding percentage
figures for the others from Ghana were Bosomuoso 28, Kpeve 43, Alyiboso
45, Mampong 69, Bosumtwe 73, Amafie 76, Wiasi (another Westem Region
isolate) and Bisa 81 each (Attafuah and Dale, 1957). Most of the plants

infected by these two viruses, and some of those with Kpeve, were in a very
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Dale, 1957).
Cocea Swellen Sheot resistant progenies

Posnette and Todd (1951) after conducting tests on local materials and
materials introduced into Ghana concluded that no variety of cocoa is immune
to CSSV. Further tests by Longworth and Thresh {1963), Legg and Kenten
(1968), and Adegbola (1971) have confirmed the observation of Posnette and
Todd (1951). From their studies, Posnette and Todd (1951) noted that some
seedlings of Upper Amazon parentage were more difficult to infect with the
virus than the local Amelonado, and also some of the tested seedlings
developed only slight symptoms, thus exhibiting some degree of tolerance to
the infection In the search of tolerant progenies, Longworth and 'Ihrgsh (1963)
found that Parinari and its hybrid clones developed a characteristic necrosis
but not true hypersensitivity, while Amelonado, Morona, and Trinitario clones
were highly susceptible. They further observed that. Upper Amazon and
Scavina clones were less susceptible than Nanay and Iquitos types which were
only slightly susceptible. At about the same time, Attafuah and Glendinning
(1965a) in Ghana conducted a survey of a progeny of cocoa clone referred to
as T17, which had earlier been indicated by Dale (1957) as a resistant clone.
This progeny consisted of 52 trees obtained from an open-pollinated pod from
Amazon-Iquitos selection IMG 53 in Trinidad, which had been found to be
superior in growth and yield to Amelonado and other existing varieties and
was then widely distributed. Attafuah and Glendinning (1965a) showed that

47 out of 100 seedlings infected were unaffected by the virus, and out of these,
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oully one clone, T17 was considered to exhibit an appreciable amourt of
tolerance.

In another study, Attafush and Glendinning (1965b) found that clones
from Scavima cross unknown progenies were least affected by New Juaben
strain, while other Amazon selections, particularly some from Iquitos cross
unknown and Nanay cross Iquitos progenies, were very tolerant to infection.
They also found that the Parinari and most Trnitario selections were very
susceptible.

Kenten and Legg (1970) perfected a simple and very useful method for
testing cocoa seedlings for tolerance or resistance to CSSV and CMLV and
they used it for testing 45 and 38 progenies in two separale experiments and
found resistance among the Nanay, Iquitos, and Scavina, all upper Amazon
types, and an Inter-Nanay cross NA 33 X NA 34, while some Amazon-
Amazon and Trinitario-Amazon progenies, especially those with T9/21 as
parent, were tolerant. T9 had earlier been reported to be the most tolerant
Trinitario by Longworth and Thresh (1963), while Toxopeus (1969) also
mentioned T9/15 as one of the best clones he tested among Amazon and
Trinitario materials.

In another experiment by Kenten (1975) in which progenies were
inoculated with 10 viruliferous mealy bugs (twice the usual number) and
ranked for resistance on infection levels at first flush showed the strength of
the Iquitos selection as a source of resistance relative to the Nanay and the
Parinari hybrids. T85/799, Iquitos X Nanay type, T65/238, Iquitos X Parinari

type, give percentage infection of 13 4, 22.4, respectively as against T63/967,
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T79/501 Qimnay X Parinari types) with infection percentage of 26.8 and 29.1,

respectively (Kenten, 1975).

Cocos is an open pollinated (cross breeding) species. This poses
difficulties when trying to improve such characteristics as bean quality and
yield, or disease and insect resistance in cocoa (Bowers éf al., 2001). The
genotype T85 is of Iquitos (IMC60) female parent and Nanay (34) male
(pollen) parent. T85/799 X T65/238 being Trinidad introductions are however,
extremely vigorous (Posnette, 1951; Knight and Rogers, 1955).They come
into bearing earlier and are higher yielding than Amelonado and the local
Trinitario (Posnette, 1951; Knight and Rogers, 1955).

The genotype T65 is of Parinan (PA7) female parent and Iquitos
(IMC47) male parent. T63 is from Parinari (PA35) and Nanay (32) parentage,
whereas T17 is from Iquitos (IMC53) and an unknown male (pollen) parent.
T79 is of Nanay (NA32) and Parinari (PA7) parentage.

These progenies introduced from Trinidad were promising for vigour,
yield and resistance to / tolerance of, the cocoa swollen shoot virus disease and
were among the eleven progenies approved for distribution to farmers in 1954
and 1958 for rehabilitating areas devastated by the cocoa swollen shoot virus
disease (Thresh et al., 1988). Of the 1944 cocoa introductions from Trimdad,
only progenies of Upper Amazons consistently showed higher levels of,
resistance to/ tolerance of CSSV than Amelonado progenies (Legg and
Kenten, 1968). These included T17/524, T65/238 and T65/ 326.

The Parinaris (PA) are better in terms of yield and black pod disease

incidence, PA150 and PA7 than the IMC, NA and Sca. The Parinaris have
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Itigher general combixing ability (g.c.a} for yield and lower g.c.a for black
pod incidence (Adomako ef al, 19993),

Progenies from the Parinaris (PA 7 and PA 35), Nanay (NA31-34),
Iquitos Island (EIMCA47 and IMC60), and Scavina (Sca 12) have been planted
extensively in Ghana and elsewhere(Thresh et al., 1988) and have formed the
basis of cocoa improvement in many couniries for better establishment
capacity, vigour, precocity and yield potential than the traditional varieties
(Amelonado, Trinitario)(Kennedy et al, 1987; Thresh et al, 1988;
Glendinning, 1967, Paulin and Eskes, 1995; Adomako et al., 1999b). The
resistance to CSSV of a wide range of cocoa genotypes has been compared by
several workers in Ghana and invariably the most resistant were found in the
Upper Amazon types (Legg and Kenten, 1968; Kenten and Legg, 1970; Legg
and Lockwood, 1977). Of these the Iquitos (IMC) and the Nanays (NA) were
the most resistant (Posnette, 1981).

Progenies of Upper Amazon and Trinidad introduction cocoa generally
give higher number of beans per pod than the Amelonado and local Trinitarios
cocoa progenies (Abdul-Karim ef al., 2004). Among the Upper Amazon
population, IMC and Nanay families produce pods of higher bean counts than
the PA and Sca families (Abdul-Karim e/ al., 2004).

The dry weight of cocoa is 0.9-1.5 g and the chocolate manufacturers
expect that the dry weight of cocoa will be at least 1.0 g (Wood, 1979).
Progenies of Upper Amazon and Trinidad introduction cocoa yield beans with
dry weight of 1.0-1.2 g Amelonado and local Trinitarios cocoa produce beans
weighing about 1.1g which is similar to that of the Upper Amazons. Among

the Upper Amazons population, progenies of Sca usually produce beans less
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faon 1.0 g whilst mmym beans weighing more than 1.1 g
(M—m et ai., 2004) The pod value of cocoa (the number of pods
required to produce 1 kg dry weight of beans) varies from 19.0 to 30.0. The
IMC and Trinided introductions give lower pod values than the NA, PA and
Sca (Abdul-Karim ef al., 2004).

The recommended fat content of Ghanaian cocoa beans is 57.0-58.0 %
(Wood, 1979). Beans of Upper Amazon and Trinidad introductions generally
have higher fat content (56.0-62%0 than beans of Amelonado and Trinitarios
(55.0-57.0%) (Adomako and Adu-Ampomah, 2003).

The Amelonado cocos is highly susceptible to infection with Cocoa
Swollen Shoot Virus (Thresh ef al., 1988).]t was used as a susceptible control.
Amelonado is however, generally resistant to the black pod disease cgused by
Phytophthora species (Wharton, 1959; Glendinning, 1964). The flavour of
cocoa is largely determined by the process of fermentation and drying of
beans. There is, however, genetic component as Amelonado cocoa
consistently gives the best flavour as compared to the other introductions
(Thresh et al., 1988).

The conversion ratio of cocoa (the ratio of the dry weight to the wet
weight of cocoa beans) ranges from 350 to 45 % (Adomako and Adu-
Ampomsah, 2003). Amelonado cocoa usually has a conversion ratio of more
than 40.0% which is generally higher than the values for the Upper Amazon
and Trinidad introductions.

Carbohydrate content in infected plant
In their biochemical study of carbohydrate metabolism and

translocations in healthy and CSSV infected cocoa plants, Adomako and
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Pstcseon (1974Y establishisd the accurnulation of carbohydrates in the infected
tissues. Transtocation of photosynthates was found to be equally efficient in
the infected and healthy phants Holden (1957).
Misneral content in infected plant

An examination of the data of Lockard and Asomaning (1965) on the
mineral content of plants, given adequate nuirients as quoted by Adomako and
Hutcheon (1974) showed no difference in the N, P, K, Ca, Mg, Mo and Zn
levels of the infected and healthy tissues whilst Fe, Bo, Na, Al, and to lesser
extent Mn and Co accumulated in infected plants. Hutcheon (1973) also
found no significant difference in water balanced between healthy and infected
plants.
The effect of virus on polyphenol content

The production and accumulation of wide variety of organic chemicals
is one of the major mechanisms by which plants defend themselves against
herbivores and attacks by microbial pathogens and invertebrate pests (Winks
and Shimmer, 1999). Flavonoids, terpenes, phenols, sterols, waxes, fats,
tannins, gums, suberins, resin acids and carotenoids are among the many
classes of compounds known as secondary metabolites (Gottlieb, 1990).
Phenolic compounds range from simple phenols (CsHsOH) MW 94, found in
essential oil of Pinus sylvestris to polyphenols such as anthocyanin pigments
(MW 2,000) and tanmins (MW up to 20,000) (Usher, 1974). Many plant
phenolic compounds are polymerized into larger molecules such as
proanthocyanidins (PA; condensed tannins) and lignin Furthermore, phenolic

acids may occur in food plants as esters or glycosides conjugated with other
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nmursl compounds such ss Bavonoids, alcohols, hydroxyfatty, acids, sterols
and ghucosides (Sehelian, 2005)

The anti-virdl functioning of polyphenols is very well known
(Serkodjieva mad Ivancheva, 1999). Guttmann and Feucht (1994) have
observed that polyphenols play & vital role in the growth and propagation of
plants and protect plant tissue from damage. They further observed that
polyphenols neutralise free radicals and thus protect biologically vital
molecules from oxidation. Polyphenols are a part of a complex immunity
system which can be acquired in tissues under stress (Feucht 1994).

In addition, polyphenols protect plants against insects and herbivorous
mammals (Harborne, 1995). Kaur ef al, (1989); Kaur er al., (1991) and
Barush and Chowfla (1994) suggested that there are higher contents of
polyphenols present in healthy plants. Higher contents of secondary
metabolites in healthy plants protect the plants from infection.

On the contrary, Kumar (1991), Sharma and Chowfla (1991) as well as
Suresh et al., (1991) stated that there are higher amounts of total polyphenols
in virus infected plants. According to Borgo (1991), there were lower amounts
of total polyphenols present in the grape cultivars ‘Merlot; ‘Cabernet Franc’
and ‘Carbanet Sauvignon’, which were infected with the Grapevine leaf roll-
associated (3) closterovirus (GLRaV-3) than in those which were not infected
and therefore healthy. Later, Guidoni et al, (1997) also discovered lower
contents of polyphenols in the skins of ‘Nebiolo’ grape which was infected
with the GLRaV-3 and Grapevine A (?) trichovirus (GVA) than in those

which were not infected. The amounts of polyphenols in the grape skins of cv.
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‘Grignofino” infected with GLREV-1 and GVA were lower than the contents
of polyphencis in tho grape skins of healthy ones.

'lhempolyphmoleommtincoooavmia from 12 to 18% (Porter et
al., 1991; Rigaud et al., 1993) of defatted and dry weight of the cocoa bean..
The principal compounds are (+)-catechin, (-)-epicatechin and 60% of
proaathocyanidins, of which half are dimmers. Other compounds identified
are quercetin, quercetrin and p-coumaric, cafeic and chlorogenic acids (Porter
etal., 1991; Rigaud et al., 1993).

Nimal er al., (2005) observed that levels of (-)-epicatechin in tea
cultivars resistant to blister leaf disease were significantly higher than those in
susceptible cultivars, while the reverse was true for (-)-epigallocatechin
gallate, suggesting that epicatechin was involved in the resistance mechanism.
The content of the methylxanthines, caffeine and theobromine in the leaf
increased in the initial translucent stage of the disease, probably as a defence
response to fugal attack (Nimal ef al., 2005). Epicatechin and epigallocatechin
levels were less than in healthy tissues, but increases in the corresponding
gallate esters suggested that they were being converted into esters. Although
epicatechin and epigallocatechin levels decreased from translucent to mature
blister stages, the decrease was not significant (Nimal er al., 2005). The
decrease in levels of epicatechin, epigallocatechin and their esters on infection
and the formation of cyaniding and delphinidin on oxidative depolymerization
of the blisters suggests that proanthocyanidins played a role in the defence
mechanism. The high incidence of a purple green leafed cultivar is attnibuted
to the additional catechin source provided by the high levels of anthocyanins

present (Nimal et al., 2005).
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The total ﬂnmﬁcsonmtofooooabulsofﬁ'eshly-harvsted pods of
delypesmdmnﬁmﬂbyAdonmko (1974) in an attempt to
find out a correlntion between susceptibility in Cocoa Swollen Shoot Virus
(CSSV) and the total polyphenols content. The mean value as caffeic acid/g
dry defatted cotyledon powder for Amelonado, T85/799 X Sca6/79, T85/799
X T79/501, T85/799 X 1674/N8.122 and T85/799 X P30 were 37, 27.1,45.2
and 27.6 mg respectively. Comparison with the known order of resistance to
CSSV among these cocoa types showed that there was no correlation between

the total phenolics content and susceptibility to CSSV.
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CHAPTER THREE
MATERIALS AND GENERAL METHODS
The study comsisted of laboratory investigations to find out some
aspects of the biochemical changes, which occur in cocoa seeds and seedlings
infected with severe and mild strains of the Cocoa Swollen Shoot Virus.
The investigations which were carried on the ten cocoa varieties were as
follows:
1. Evaluation of symptoms expressed by the ten cocoa varieties
inoculated with CSSV strains
2. Determination of total polyphenols content of inoculated cocoa
varieties
3. Determination of the changes in Nitrogen content of cocoa varieties
infected with Cocoa Swollen Shoot Virus
4. Polyacrylamide Gel Electrophoresis to determine the molecular
weight of protein content of cocoa varieties infected with Cocoa
Swollen Shoot Virus.
Coocoa varieties
Ten cocoa varieties obtamned from Cocoa Research Institute were used
for the study. They were considered as the most promising cocoa varieties that
combine high yields with resistance to the CSSV disease. They were T85/799
X T65/238, T85/799 X T65/326, T85/799 X PAT/808, T63/967 X IMC60;

T63/967 X T17/524, T63/967 X T65/326, PA150 X NA33, T85/799 X




Ameionade (Standerd); Amelonado X Amelonado (Self cross) (Standard), and

T85/799 X T79/501(Standard).

The varicties were from the various cocoa genotype populations used

for the breeding of cocoa varieties resistant to the Cocoa Swollen Shoot Virus

Disease. They cover the Trinidad introductions, Nanay (NA), Parinari (PA)

and Iquitos Mixed Calabacillo (IMC) collections (Abdul-Karim et al., 2004).

The Trinidad introductions are designated with the letter ‘T’ and those

below T60 were open-pollinated whereas those from T60 and above were

hand pollinated (Abdul-Karim et al., 2004).

Table 2 Characteristics of cocoa varieties used for the experiments

Cross Cocoa type Characteristics

T 85/799 X T65/238 Inter-Amazons  very/highly resistant to CSSV
T85/799 X T65/326 Inter-Amazons  very/highly resistant to CSSV
T85/799 X PA7/808 Inter-Amazons  very/highly resistant to CSSV
T63/967 X IMC60 Inter-Amazons  very/highly resistant to CSSV
T63/967 X T17/524 Inter-Amazons  very/highly resistant to CSSV
T63/967 X T65/326 Inter-Amazons  very/highly resistant to CSSV
PA150 X NA33 inter-Amazons  very/highly resistant to CSSV
T85/799 x Amelonado Series I hybnd  mildly resistant

Amelonado X Amelonado  Amelonado susceptible

T85/799 x T79/501 Senies 1 hybnd  resistant

30




+

The Pasenis of cocos varieties designated with the letter “T in front
oL T85/799 (Table 2) are the Trinidad mtroductions made by Posnette in
1944 (Posnette, 1944). The figure before the slash (85) stands for the pod
mumber of Posnctte selection and the ‘799 after the slash stands for the stand
ofﬂ:emeinmeﬁeldﬁ'omwﬁchﬂ:epods were collected. The Series I
hybrids were the first hybrid cocoa released in Ghana by Pound (1943).

The major characteristics of these cocoa types which formed the basis
for their selection for the project were their level of resistance to Cocoa
Swollen Shoot Virus as indicated in Table 2.

Strains of virus used for the inoculation of cocoa types

The strains of Cocoa Swollen Shoot Virus used for the preparation of
source plants for the study were Severe New Juaben 1A virus strain and mild
N1 virus strain.

Experiment 1: Assessment of cocoa types for CSSV resistance / tolerance
through symptoms expression

The objective was to evaluate cocoa Lypes for CSSV resistance /
tolerance through symptoms expression The experiment consisted of cocoa
swollen shoot source plant preparation, the inoculation of the various cocoa
types using mealy bugs and patch-graft technique, preparation of soil medium,
planting and care of seedlings and finally recording of symptoms and scoring.
Preparation of CSSV source plants

For the study, sources of both New Juaben and mld strains of CSSV
were prepared using healthy Amelonado seedlings. The seedlings were
obtained from beans of healthy Amelonado pods. The pods were first broken

toexmﬂlebeus.Thepulpwmremovedﬁ‘omﬂlebemsbymechmﬁcally
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ﬂﬂﬁﬂzwiimﬁtThemmm:wmadwiﬁasharpscalpel. The
peciod beans were wathed with distliod waser 2nd sosked in water overnight
then sirdried (Pime 1) for 4 houss. Adult female mealy bugs
(leoaowaoidunjalauds),wmdlwecoﬂemdﬁomcoooammme
fidd were placed inrepmdﬁcﬁvecagasfortt days. First and second instars
nymphs were transferred onto one-month old Ametonado seedlings (Plate 4)
infected with Strain A of Cocoa Swollen Shoot Virus and showing severe
symptoms for 72 hours. Some instars nymphs were also transferred onto one
month old Amelonado seedlings infected with the mild N1 Cocoa Swollen
Shoot Virus strain showing the mild symptoms for 72 hours to acquire the
virus (Legg ef al., 1972). The nymphs after feeding were used to infect the
healthy Amelonado cocoa beans, which were then sown and observed for one
month for cocoa swollen shoot symptoms. These infected Amelonado plants
were then used as the virus source plants for inoculation of the various cocoa
types. After the cocoa swollen shoot source plants were prepared, the various

cocoa types were prepared for inoculation and planting.
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Plate 1: Cocoa beans air-dried after peeling thetesta(x 1% )
Imoculations

Two types of inoculations were used: feeding on test plants by mealy
bugs carrying the virus and patch graft technique.
Inoculation of cocoa types with CSSV strains using mealy bug vector.

The vectors of CSSV, mealy bugs, were collected from the field daily
(Plate 2). The mealy bugs were first cleared of all parasites and debris by
brushing them into reproduction cages and kept in desiccators cabinets (Plate
3) and starved for 72hrs. This preservation and starvation in desiccator cabinet
were done first to free the mealy bugs of possible contamination of virus
acquired in the field and also for them to produce nymphs. Mealy bugs with
CSSV loose virus after 72 hours (Lot ef al., 1991). The nymphs were either
fed on CSSV severe strain 1A New Juaben infected seedlings (1A source
plants) or on mild N1 infected seedlings (N1 source plants) for acquisition

feeding for 72 hours.

3




TennymphsﬁedonNewJuabensmin(lA)wmnnsfenedto%
besns of each of the 10 test cocoa varieties. Again, 10 nymphs fed on a mild
min(Nl)wereu'ansferredm%beansofeachofthe 10 test cocoa varieties.
Thirty of the treated beans were planted in each of aluminium trays measuring

60cm x 30cm.

Plate 2 Planococcoides sp. collected from the field (x 10)
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Plate 3 Starving of mealy bugs in reproductive cages put into incubator i

oy

cabinet (x ¥2).

[ -

I |

Plate 4 The feeding of mealy bug on CSSV infected cocoa plant for viral

acquisition. The arrow points to the cage containing nymphs of mealy

bugs (x 2)
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Bark patches from each of the cocoa types infected with Cocoa
Swollen Shoot Virus 1A strain were grafied onto healthy Amelonado cocoa
seedlings. Twenty seedlings of healthy Amelonado were used for each of the
infected cocoa types. In all 200 Amelonado seedlings were used. The
symptoms of CSSV on the grafted materials were recorded, one month on the
first flush, then the next month on the second flush, and the third month on the
third flush.
Soil medium preparation, planting and care of seedlings

The soil medium (black soil) for the nursing of the cocoa types was
taken from decomposed refuse dump and heaped at the greenhouse of CRIG.
The soil was sieved with a wooden framed sieve of 2mm wire mesh to remove
debris and other unwanted materials. The sieved soil was then put into the
hollow cylinder, a soil sterilizer, rotated by electrically powered motor and
heated. The turming of the tilted barrel allowed for even stenilization of the soil
as the heat from kerosene source was apphied. The sterilized soil was cooled
ovemight and used to fill aluminium seed boxes for the nursing of the
inoculated cocoa seeds. The filled seed boxes were watered before planting
was done and then every other day for four months. The seedlings were
observed for symptoms after one month and the observed symptoms were

scored as in Table 3
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| Tadde 3 Symptomis of Coosn Swollen Shoot Disease and their score

Symptoms Score

@ Healthy plant with no symptoms of disease 0
{)] Red vein banding:- Red colourations along the veins
(both severe and mild strains). In the case of the mild it
disappears from the first leaves as the leaf hardens 1
(i)  Chlorotic flecking of leaves: Deep patches (big patches)
in the leaves ( a severe symptom) 2
(iii)  Chlorotic vein clearing/Green vein banding - The veins in the

leaves appear as if they are disappearing. (a severe symptom) 3

) Diffused flecking of leaves 4
(vi) Fem pattern/Swollen Shoot 5
(vii) Dead plants 6

Source: Adu-Ampomah ef al., (2004).
Cocoa Swollen Shoot symptoms scoring and recording.

Recording for symptoms was done one month after planting on the
first flush then the next month on the second flush, and the third month on the
third flush The symptoms were scored using a scale 0-6 (Adu-Ampomah et
al., 2004) as in Table 3.

Experimental design
The Compietely Randomised Design (CRD) was used. There were

three factors including (i) viral strains (plants infected with severe 1A virus
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grsin, mikd N1 virus sirsin and healthy plant), (ii) period, 3 months of
symptoms recordings and (jii) varieties, 10 cocoa varieties. There were three
replications.
Experimeat 2: Determination of total polyphenolics in CSSV infected and
uninfected seedlings

The objective was to investigate the amount of total polyphenolic
content in healthy and CSSV infected cocoa types and to determine whether
there is a correlation between total polyphenolics content and CSSV disease
infection. The experiment was carried out in two parts. First, samples of the
cocoa varieties were taken and defatted before the total polyphenolics contents
were determined.
Defatting of cocoa bean samples by Soxhlet Extraction

For each of the cocoa varieties, 10g of finely ground cocoa bean of
each cocoa type was taken and transferred to a porous paper extraction thimble
and stoppered with cotton swab. The thimbles with their contents were placed
in the extracting chamber of the soxhlets. The soxhlets were fitted onto 250 ml
round- bottom flasks each of which was half full with petroleum spint (60-80°
C). The set-up was connected to a condenser with the flasks put on a heating
mantle. The extractions were done for 18 hours with the soxhlet refluxing
several times from the narrow tube (arm) of the soxhlets (Adomako, 1977).

The defatted samples in the thimbles were oven dred at 105°C for
about 30 minutes in a Hot Air Oven (Gallenkamp Hotbox Size Two). The
samples were cooled in a silica laden dessicator and kept there until required

for extraction analysis.

38

en et S R i




Total polyphess] content determination (tp) Folin-Lowry method
(Singleton and Rossi, 1965)

For each of the cocoa varieties 0.2 g defatted cocoa sample was taken
for Methanolic HCL (80% MeOH, 1% HCL) extraction during which each
sample was shaken in 50 ml volume in plastic vials for 2 hours at room
temperature. The samples were centrifuged at 1000 rpm for 15 minutes ina
refrigerated centrifuge (Sorvall Re-5B Refrigerated Super speed Centrifuge).

One millilitre aliquot of the supernatant was used to develop colour
reaction with Folin-Ciocalteau reagent (Singleton and Rossi, 1965) (diluted to
0.1 ml sample: 0.9 ml 80% MeOH). To 1.0 ml of the supemnatant was added
5.0 ml of Folin-Ciocalteau reagent [diluted 1.0 ml + 9.0 ml in deionised
water]. Between 30 seconds and 8 minutes 4.0 mil of 0.075 g/ml NaCOs
reagent was added. The sample was made to stand for one hour at 30° C, then
later one hour at 0° C.

Absorbance reading of sample in 10 cuvette ml was taken at 760 nm
with the photospectrometer. Catechin was used to obtan a standard curve
(0.2-1.0pg/ml) from which the concentration (g/ml) of the sample absorbance
was determined.

The Standard curve (Fig 1) was drawn from a serially diluted catechin

(Singleton and Rossi, 1965).
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Fig 1 The standard curve from which the concentration of absorbance

was calculated.

Experiment 3: Determination of nitrogen in leaves of cocoa types.

This experiment was also carried out in the soil science laboratory of
CRIG with the aim of determining the nitrogen (component of protein) levels
of infected and healthy cocoa types. In addition the experiment was aimed at
determining whether there is a correlation between nitrogen content of cocoa
types and Cocoa Swollen Shoot Virus disease infection. The experiment
involved the digestion of healthy and CSSV infected leaves of cocoa types.
Digestion of samples of cocoa leaves.

The micro-kjeldahl method as described by Jackson (1964) with
modification was used to determine the nitrogen content of leaves of the cocoa
types. For each of the various cocoa types 0.5 g finely ground cocoa leaf
sample, oven-dried overnight at 80° C was weighed into 200 ml kjeldahl

flasks.
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" ' Ten grams of the camdyst (10g potassium sulphate, 2g copper sulphate
and 4g selenivm) was added to each sample and thoroughly mixed. Twelve
millilitres of conoantrated sulphuric acid (Nitrogen free) were added and the
mixture was gently heated on a digester with occasional rotation of flask till
frothing cessed. The heating was continued until the sulphuric acid began
fuming. Further heating was carried out for additional two hours, making sure
sample did not stick to the sides of flask. The flask was allowed to cool and 15
ml distilled water added to the sample, and allowed to cool before decanting
into a 100 mi standard flask.

The digestion flask was rinsed three times with 20 mi of distilled
water, each time adding the washing to the standard flask. The solution was
cooled to room temperature and the solution topped up with distilled water 10
the mark.

A 10 ml aliquot of the solution of each of the varieties was transferred
into the Markham distillation flask. To this 5 mi of 40% sodium hydroxide
solution was added. The sample was mounted on the Markham distillation
apparatus and distilled into a 100 ml conical flask containing 20 ml of 2%
boric acid which contained screened methyl red indicator (0.1g methyl red and
0.1g methyl blue in 50ml of 95% alcohol). Ten millilitres of the distillate
containing nitrogen were titrated against standardized 0.025N H;S0s, till the
end point was reached. The nitrogen content in the leafl samples of the cocoa
types was calculated with the titre value obtained from the titration by the

formula as follows:
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Perceniage Nitrogen in the leaf sample,
%N, = T__.x 002 x 14 x 10 x 100
Weight of sample 1000

T=Titre value, 0.02 = Normality of acid, 14/1000 = 1 Normal or molar of
Nitrogen in solution; 10 = Aliquot of digested sampie taken, and 100 = Results
expressed as a percentage.
1ml of 0.02N H,SO; - 0.28 ml (Ammonium Nitrogen}

028 x 0.02NH,SO, x lox 100

%N, = x 0.56 (leaf sample)
1000 x 0.5g

T x 002x 14 )
%N, = . x 056
0.5g

Experiment 4: Determination of the molecular weight of proteins
synthesized in infected and uninfected cacoa varieties by polyacrylamide
gel electrophoresis (PAGE)

In this experiment, SDS-PAGE was performed as described by
Andrews, (1986). It was used to determine the molecular weight of proteins
synthesized during infection. A low molecular weight standard run on a 12%
polyacrylamide gel stained with Coomassie R250 was used. The objective
was to determine the apparent synthesis of proteins in both healthy and Cocoa
Swollen Shoot Virus infected Cocoa and also to determine how the molecular
weights could be used to assess CSSV infection in cocoa types. Proteins from
leaves of each the cocoa type were first extracted and kept in a freezer. The

casting gel apparatus assembled before the preparation of the resolving and
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stacking gels, (Latomuli, 1970) and the subsequent loading and running of the
protein samples.
Extraction of protein samples

For each of the cocoa varieties, 0.4g of leaf sample was taken from
healthy cocoa varieties as well as those infected with both severe New J uaben
Cocoa Swollen Shoot Virus strain (1A) and a mild strain (N1). The samples
were ground in liquid nitrogen with 0.8 g insoluble Polyvinylpirolidine (PVP)
in a monar. The powder from the various samples was transferred into
different beakers containing 9.5 ml extraction buffer (50 mM pyridine, 10 mM
Theourea, 1% SDS) and stirred for 15 minutes with a stirrer.
The samples were transferred into polycarbonate centrifuge tube and clarified
at 16000 rpm for 40 minutes at 5°C. Cold acetone was added to the clarified
samples to a final volume of 90% and stored in a freezer at -20°C for 2 hours
to precipitate. The samples were centrifuged at 9000rpm for 20 minutes to
collect the precipitates (proteins). The supematants were discarded and the
precipitates were washed again with cold acetone and centrifuged at 9000 rpm
for 20 minutes. The proteins in the form of pellets were dried in a vacuum for
30 minutes and re-suspended in 1ml of the extraction buffer and stored at -
20°C for PAGE. (Dzahini-Obiatey ef al., 2002)
The separating gel preparation

The gel apparatus was set up in stages (Fig. 2, Fig. 3 and Fig. 4), and a
gel mamix consisting of polyacrylamide (for proteins) was prepared. A
polyacrylamide gel containing acrylamide that are cross-linked to each other

using bis-acrylamide was prepared.
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An amount of 2.5 ml of 1.5M Tris-HCL, (121g/L and 18.8/L)at pH 8.8
was added to 3.35 ml of distilled water and 0.1 ml of 10 %{ w/v) SDS was
then added followed by 4.0 ml Acrylamide/Bis-acrylamide (30%/0.8%
wi/v).This formulation used an acrylamide stock of 29.2 % acrylamide and 0.8
% bis-acrylamide, the cross-linker (cross linking gives the gel its mechanical
stability). To initiate polymerization, 0.05 ml of freshly prepared10%
ammonium persulphate was added to the mixture An amount of 0.005 ml N,
N, N, N'-tetramethylethylenediamine (TEMED) was added giving a total
volume of 10.005 ml just prior to pouring (Fig 5) using a Pasteur pipette and a
rubber bulb. The gel was allowed to polymerize before stacking gel was added
by overlaying gently with butanol. The butanol was added to produce a
smooth, completely level surface on top of the separating gel, to make the
bands straight and uniform. Polymerization was confirmed by sucking some of
the remaining gel mixture into the pipette, allowing it to stand, and checking it
after 10 minutes. When squeezing the bulb could no longer expel the gel

mixture, the separating gel was set.
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beveled side
facing spacer

l

Bevel
up

spacer flushed with
. the outer edge and
+ bottom of plate

Fig 2 A single gel cassette, properly assembled (% 1).

The stacking gel preparation

After the separating gel had polymerized, a 4.0% stacking gel was
prepared. An amount of 2.5 ml of 0.5M Tris-HC, at pH 6.8 was added 10 6.1
ml of distilled water. To this mixture, 0.1 mi of 10 % (w/v) SDS was added
followed by the addition of 1.3ml Acrylamide/Bis-acrylamide (30 % / 0.8%
w/v) and 0.05 ml of freshly prepared 10 %( w/v) ammonium persulphate (AP)
was added to initiate polymerization followed immediately by the addition of
0.01 ml N, N, N', N'-tetramethylethylenediamine (TEMED). Before the final
two components were added, which would start polymerization, the butanol
was poured off the separating gels into a sink with the tap water running and
excess butanol/acrylamide removed with a pipette. Afier AP and TEMED

were added, the mixture was immediately swirled and poured into cassettes
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(Fig 2) ou top of the gel plates (Fig 5). The stacking gel was poured between
two plass plates spaced 1mmm apart up to Icm from the top of the plates. A thin
layer of butancl was carefully layered over the top of the stacking gel so it
does not dry out while polymerization was occurring. Combs were inserted
one at a time (Fig 6) into the stacking gel before it hardened, with care taken
not to catch bubbles under the teeth, and adjusted to make them even by
scraping excess stacking mixture off later. After the stacking gels had
hardened, the combs were removed, leaving well-defined sample wells. The
purpose of the stacking gel was to allow the proteins in the samples that were
applied to the wells to form tight narrow bands before entering the resolving

gel where the separation occurred when they were run.

Top view of casting stand
with stacked cassettes and
cover and clay n place.

£ - hY \

N e

Y.

Fig 3 Empty casting stands showing stacked cassettes (x ¥3).
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and leading of samples (% %)
Source: (Bio Rad laboratories, 1987)
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smoothung
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Poured to the mark

Fig § A set up showing the casting of gels (< % ).
Source: (Bio Rad laboratones, 1987)
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Fig 6 A set up showing the creation of wells for loading of protein
samples (X 2).

Source: (Bio Rad laboratories, 1987).

Protein samples preparation and loading.

Fifteen millilitres sample buffer was prepared with 1.88 ml of Tris
buffer pH 6.8, 6.0ml of 10% SDS, 3.0 ml Glycerol; 2.31 mg dithiothreitol, and
20 mg Bromphenol blue and topped up with water. Hamilton syringes were
used for loading samples into the wells. Twenty micro litres of each of the
extracted cocoa samples and 10 (5 ml 2-mercaptoethanol / 50 ml buffer) micro
litres of sample buffer were taken and loaded into the wells at a predetermined
order in different plates. The plates were labelled (A-D). The glycerol in a
sample caused it to sink neatly to the bottom of the well, allowing as much as
20 ul or even more to be loaded. In addition to the proteins, the sample
mixture also contained a low molecular weight dye, the bromphenol blue,

which migrated ahead of most protein samples that were being separated. The
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migration of the proteins on the gel was invisible, but the migration of the dye
could be easily followed.

Running gels and processing of protein samples.

After the gels were prepared, they were placed in an electrophoresis
apparstus. The apparstus appearsd to be complex, but it actually performed a
very simple function by applying a current that run through the gel. The gel
was placed between two buffer chambers. The upper buffer chamber contains
the cathode and the lower chamber contains the anode.

The samples were placed in the wells, and the apparatus was connected
to a power supply and current applied. The gels were run at 200 volts for 45
minutes so as to track dye to the bottom as quickly as possible without
overheating the gels. Overheating could distort the acrylamide or even crack
the plates. The gels were run in 300 ml electrode buffer (10 X running buffer,
pH 8.3:30.3 g Tns, 144.2 g Glycine and 10 g SDS all in 1litre of water)

Negatively charged proteins migrated toward the anode. In the process
of ruming, the proteins were denatured by boiling with sodium dodecyl
sulphate (SDS) and 2-mercaptoethanol. SDS is a detergent that binds tightly to
proteins, normally in a ratio of about one SDS molecule for every two amino
acids in a protein. SDS is negatively charged, therefore, when it binds to all
the proteins in a mixture, it gives them a charge that is roughly proportional to
its weight. All the negatively charged proteins migrated toward the anode at
the base of the gel. However, their migration was impeded by the cross-linked
polyacrylamide polymer, which formed a molecular sieve. Larger proteins
migrated more slowly than smaller proteins. When the dye band was within 2-
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3 mm of the bottom of the gel, migration was stopped by tuming off the
electrical field.

Disassembling and staining of protein gels

When the run was stopped, the gels were removed from the cassette by
separating the plates. The gels were stained as described by Blum et al,
(1987) where they were placed into a staining dish containing deionised water.
After a quick rinse, the water was poured off and stain added. Staining was
done by incubation overnight, with agitation. The agitation circulated the dye,
facilitating penetration, and helped ensure uniformity of staining. A commonty
used stain for detecting proteins in polyacrylamide gels was used, that was
0.1% Coomassie brilliante Blue dye in 50% methanot, 10% glacial acetic acid.
Acidified methanol precipitates the proteins.

The dye actually penetrated the entire gel, however it only stuck
permanently to the proteins. Excess dye was washed out by ‘distaining’ with
acetic acid/methanol, (70 ml/200 mi and 730 ml water) also with agitation.
The stained/distained gels displayed a pattemn of blue protein bands against a
clear background which were photographed, analyzed and documented.

The molecular weights of the proteins of the samples were determined by
calculation with the formuila

Data analysis of protein gel electrophoresis

Since the charge on proteins is roughly proportional to size, it was possible to
estimate the molecular weight of proteins by SDS-PAGE. Unknown samples
were run individually and a series of standards were also run in a single well.

Afier the protein bands were fixed and stained, their Ry values were
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determined by dividing the total distance they migrated by the distance
migrated by the bromphenol biue dye (Weber, K. and Osbome, M. 1969).

Distance migrated by protein
R‘- =

Distance migrated by dye

A Plot of the log MW verses R; for the standards was made.

Table 4 Molecular weight of standards

SDS-PAGE Standard MW and references
Phosphorylase B 97.400 (Titani et al., 1977)
Senmm albumin 66,200 (Brown, 1975)
Ovalbumin 45,000(Wamner, 1954)

Carbonic Anhydrase 31,000(Davis, 1971)

Trypsin Inhibitor 21,500(Wu and Scheraga, 1962)
Lysozyme 14,400 (Jolles and Angew, 1969)

The molecular weights of the standards are listed above at the right
side in Table 4. Since this was a reducing SDS-PAGE gel, these were actually
the subunit molecular weights for any of the proteins which contained multiple
subunits. The molecular weights of the major bands in the samples were

determined using their Ry values and the prepared plot.
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CHAPTER FOUR
RESULTS

Geaeral observation of studies on the Cocoa Swollen Shoot Virus
symptoms

The cocoa varieties inoculated with the Swollen Shoot Virus 1A strain
by the mealy bug showed red vein banding of leaves, chlorotic vein flecking
of leaves, chlorotic vein clearing of leaves and green vein banding (Plate 5-7).
T85/799 X Amelonado, Amelonado X Amelonado and T85/799 X T79/501
were the only progenies which showed fern patterns of leaves (Plate 8). Only
one plant (Amelonado X Amelonado) showed the swollen shoot (Plate 9)
symptom out of a total of 600 plants used for the entire experiment. The patch-
grafted seedlings however, showed all the symptoms as well as chlorosis of
the leaves (Plate 10) of the mealy bug inoculated seedlings

The red vein banding of leaves was the first symptom observed. In
some of the plants the symptom vanished after a day. In others, however, they
persisted for over four days. The disappearance of the red vein banding was
followed immediately with the hardening of the leaves. For some plants red
vein banding was latent throughout the study period of three months.

Generally, the disease symptoms progressed from red vein banding to
chlorotic flecking of leaves then to chlorotic vein clearing and green vein
banding. Fern patterns of leaves were observed on some of the seedlings

inoculated with mealy bugs on the third month, however, all the patch-grafted

52




seedlings showed this symptom by the second month, T85/799 X T79/501,
T85/799 X Amelonado and Amelonado X Amelonado recorded the highest
death of patch grafted seedlings representing 55, 45 and 40 % respectively.
The chlorotic patch-grafted plants (T85/799 X T1 7/501) eventually died.
T85/799 X T65/326 and T85/799 X PA7/808 did not record any death
of grafted seedlings. T63/967 X IMC60 recorded 10% death, T63/967 X
T17/524, 30% T63/967 X T65/326, 35% and PAIS0 X NA33, 10%.
Inoculated plants were consistently compared to the controf plants in Plates 11

to ensure correct identification of disease symptoms.

Plate 5(a) Red vein banding, a mild Cocoa Swollen Shoot Virus disease

symptom of mealy bug inoculated seedling (x 4).
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Plate5(b): Red vein banding, a mild Cocoa Swollen Shoot Virus disease

e S

symptoms of graft inoculated seedling ( x '2)

-

Plate 6 Chlorotic flecking of leaf. This is a mild symptom ( x 'z )
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Plate7 Vein clearing and green vein banding of leaves. Both are severe

symptoms (x ¥3). |

Plate 8: Fern pattern of leaves. This is a very severe symptom (* '3).




Plate 9 The Swollen Shoot symptom. This is also 2 very severe symptom.
(x %)

-

TR S

Plate 10 Chlorosis of leaves observed on T85/799 X T79/501 inoculated by

patch grafting (x 2 ).
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Plate 11 Healthy cocoa plants, three months after planting used as

standard in laboratory work (x ).

Mean sumber of Cocoa Swollen Shoot Virus disease symptoms

From Table 5, the number of Cocoa Swollen Shoot Virus disease
symptom showed significant differences at probability level of 0.01. PAIS0 X
NA33 had the least value of 28.17. The highest symptoms were observed on
T85/799 X T65/238, followed by Amelonado X Amelonado. The value of
33.83 observed on T85/799 X T65/326 was significantly not different from
those observed on T85/799 X AMEL (STANDARD) and T85/799 X T79/501
(STANDARD) (Table 5). In the same way, the value of 30.22 observed on
T85/799 X PA7/808 was also significantly not different from that observed
on T63/M67 X T65/326. T63/967 X IMC60 and T63/967 X T17/524 were

significantly different from each other (Table 5).
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Yrexmment (Cuoon types) Symptoms observed
T85/799 X T65/238 4211a
AMEL X AMEL (STANDARD) 3528 b
T85/799 X T65/326 33.83 ¢
T85/799 X AMEL (STANDARD) 33.72¢
T85/799 X T79/501 (STANDARD) 3372 ¢
T63/967 X IMC60 33.224d
T63/967 X T17/524 3272¢
T85/799 X PA7/808 3022 f
T63/967 X T65/326 30.17f
PA150 X NA33 is. 17 g

#*Sjignificant at P=0.01. LSR value =0.4745 +S.E=1.19
Means followed by a common letter are not significantly different from each

other.

Incidence of Cocoa Swollen Shoot Virus disease on seedlings inoculated
with mealy bugs and by patch grafting.

Figure 7 drawn with the data from Appendix 5 shows the results of the
incidence of Cocoa Swollen Shoot Virus disease on both seedlings inoculated

with mealy bugs and those inoculated through paich grafting from the first
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Bush © G Gird Dushes. Highly sigrificant differences exist betwoen the
pach grafied seediings and seedlings inoculated with mealy bugs. Highly
significant differances also exist between the first and the second flush and the
first and third flushes, in both seediings inoculsted with the mealy bug and the
putch grafied seedlings. W,Mismdiﬂ‘aunebetwmdnsecmd
and the third flushes in both seedlings inoculated with the mealy bug and the
patch grafted seedlings. PA150 X NA33 had the highest incidence for both
leedlinslimculﬂedwiﬂnbemedybugmforﬂnpnd\gmﬁedseedlmgs
whereas T85/799 X T79/501 (STANDARD) had the lowest incidence of the

CSSV disease for only the patch. grafted seedlings.
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M MEALY BUG
INOCULATION FIRST
FLUSH

8 SECOND FLUSH

@ THIRD FLUSH

B PATCH GRAFT
INOCULATION FIRST
FLUSH

@ SECOND FLUSH

® THIRD FLUSH

T83/799X TBS/799XK T85/795X 163/967 X T63/967X T63/967X PA1SOX TB5/799X AMELX T85/799X
Y65/288 T65/326 PA7 IMCS0 Ti7/524  T65/326 NA33 AMEL AMEL T79/501
COCOA TYPES

Fig 7: Histogram of incidence of Cocoa Swollen Shoot Virus disease in mealy bug inoculated seedlings and patch grafted Seedlings.

*agignificant at P=0.01. LSR value = 0.4745.
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¥ig 8 Intoraction between cocoa types and methods of inoculation in severity of Cocoa Swollen Shoot Virus disease.

soBignificant at P=0.0t. LSD value = 0.4745.
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types and the interactions of the methods of inoculation. There was significant
diﬁemnebumﬁemulnginoculaﬁonandthepmchgmﬁed seedlings
in terms of CSSV severity. The grafted seedlings were most affected.
Amelonado X Amelonado and T85/799 X T85/238 were the most affected by
the virus with no difference between them through the graft inoculation.
PA150 X NA33 had the lowest severity level of CSSV infection, followed by
T85/799 X T65/326. T85/799 X PA7/808 was better in terms of having low
severity level of CSSV infection than T85/799 X Amelonado so was T85/799
X Amelonado better than T63/967 X T65/326. Even though T63/967 X
T17/524 had the lowest infection rate, during the first flush, by the second and
third flushes, the severity rate had gone higher than the rest and it is only
lower than T85/799 X T79/501 and the other two cocoa types which recorded
the highest level of severity.
Total polyphenolics content of cocoa types
As shown by the data in Table 6, there were highly significant
differences between the total polyphenolics content of the various cocoa types.
There were highly significant differences recorded between the cocoa types.
The three standards used recorded the highest total polyphenol contents.
T85/799 X T79/501 (STANDARD) had the highest mean content of total
polyphenols of 32.25 g/kg. The lowest total polyphenolics content was

recorded by T63/967 X IMC60 (17.09 g/kg).
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“Tuble § Menn total polyphenciics content of cocoa types

Treatmeat (Cocon type) Total polyphenolics (g/kg)
T85/799 X T79/501 (STANDARD) 32.25a
AMEL X AMEL (STANDARD) 30.86b
T85/799 X AMEL (STANDARD) 25.84c
T85/799 X T65/326 25.47d
PA150 X NA33 23.00¢
T63/967 X T17/524 22.27f
T63/967 X T65/326 21.74g
T85/799 X PA7/808 19.97h
T85/799 X T65/238 19.54i
T63/967 X IMC60 17.09j

**Significant at P=0.01. LSR value =0.02172 +S.E. 1.54

Table 7 showed statistical differences in total polyphenol content in the
interaction between variety and virus strain. Significant differences exist
between the strains used and also between the cocoa types. CSSV 1A infected
plants recorded a significantly higher amount of total polyphenols than the
healthy control plants, which was also different from the amount produced by
N1 infected cocoa types. Amelonado X Amelonado produced a significantly
different total polyphenols in the healthy plant than the other cocoa types

whilst PA150 X NA33 recorded a significantly lower amount. T85/799 X
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infection with the CSSV 1A strain whilst T63/967 X IMC60 recorded the
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X Amelonado were significantly not different from each other in the amount
of total polyphenols produced in the N1 infected tissues.

Table 7 Total polyphenols content (g/kg) of cocoa variety/ CSSV strain

interactions

Variety (cocoa types) 1A strain Nlstrain  Healthy control

T85/799 X T79501 42452

AMEL X AMEL 40.15b

T85/799 X T65/326 36.83 ¢

T85/799 X T79501 36.72d

AMEL X AMEL 3574 e
T63/967 X T17/524 35.58 f :
T85/799 X AMEL 34.52¢

PA150 X NA33 32.73h

T85/799 X T65/238 2725

T85/799 X PA7/308 26.80j

T85/799 X T65/326 26.73 k
T85/799 X AMEL 26321
T63/967 X T65/326 2490 m

T63/967 X IMC60 2337n
PA150 X NA33 23.070




- - b TSttt st Dratbyiphtosti (/i) of cocon variety/ CSBV strain

Varioty @uconiypw) IAstrain  Nlstrain  Heslthy control
TE5/199 X PA/308 231p
T6396T X T17/524 21.51q
T63/967 X T65/326 2136T
T85/799 X T65/238 2090s
T63/967 X T65/326 18.94 t
T63/967 X IMC60 17.60 u
T85/799 X T79/501 17.58 v
AMEL X AMEL 16.67 w
T85/799 X AMEL 16.67 w
PA150 X NA33 13.20x
T85/799 X T65/326 1284 y
T85/799 X PA7/808 10.81z
T85/799 X T65/238 10.46 o
T63/967 X IMC60 10.30 p
T63/967 X T17/524 971y

+S.E. 7.38 +8.E. 11.02 +S.E. 5.98

**Significant at P = 0.01, LSR value = 002172
Nitrogea conteat of cocoa leaves

Table 8 also showed the mean nitrogen content obtained from cocoa
leaves through the kjeldahl method of extraction. Differences among

treatments in terms of Nitrogen content were highly significant. PA150 x
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. NA33 hod the highest Nitrogen content (2.244) in the leaves, and highly
m from the others, while T85/799 x T65/238 had the lowest Nitrogen
content of 1.502. T85/799 x Amelonado (1.976), T63/967 x IMC60 (1.969)
Amelonado x Amelonado (1.957) wete not different from each other. T63/967
XT17/524 (1.952)  was also not different from T63/967 x IMC60 and
Amelonado x Amelonado. T85/799 x T65/326(1.812) was different from
T85/799 x PA7/808 (1.781).

T63/967 X T65/326 (1.683) was also not different from T85/799 x T79/501
(STANDARD) (1.670) but both were significantly different from T85/799 x
T65/238(1.502)

Table 8 Mean nitrogen content (%/g dry matter) of cocoa leaves

Treatment Nitrogen content
PA150 X NA33 2244 a
T85/799 X AMEL (STANDARD) 1.976 b
T63/967 X IMC60 1.969 be
AMEL X AMEL (STANDARD) 1.957 be
T63/967 X T17/524 1.952¢
T85/799 X T65/326 1.812d
T85/799 X PA7/808 1.781 e
T63/967 X T65/326 1.683 f
T85/799 X T79/501 (STANDARD) 1.670 f
T85/799 X T65/238 1.502 g

**Significant at P= 0.01 LSR value = 0.02175 +S.E. (.21
Means followed by a common letter are not significantly different from each

other.




Healthy control 1A strain
TEIWET X TII/5M 3.170a
PAI30 X NA3) 3.013b
TSS 7799 X PA7/808 2.670¢
Amelonado X Amelonado  2.650 ¢
T63/967 X IMC660 2.613d
T85/799 X Amelonado 2397 ¢
T63/799 X T65/326 2273 f
PA150 X NA33 2200 g
T85/799 X T65/238 2.100 h
T85/799 X T65/326 2.090 h
T85/799 X T79/501 1.980 i
T85/799 X Amelonado 1.938 j
T63/967 X IMC60 1.800 k
Amelonado X Amelonado 1.790 k
T85/799 X T65/326 1.740 |
T85/799 X T79/501
T85/799 X T65/326
T85/799 X Amelonado
T63/967 X T17/524 1.600 m
PA150 X NA33

T63/967 X IMCS0
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" Takle 9 Mean Nitroges content (%/g dry matter) of cocoa type/ CSSV

strain interuction {contiumed)

Cocoa Type Healthy control N1 strain 1A strain
T85 /799 X PA7/808 1.4870
Amelonado X Amelonado 1.430p
T85/799 X T79/501 1.420 p
T63/799 X T65/326 1.390 q
T63/799 X T65/326 1.387q
T85/799 X T65/238 1.307r
T85 /799 X PA7/808 1.187 s
T85/799 X T65/238 1,100t
T63/967 X T17/524 1.087t

P=0.01 LSR value =0.02175 +S.E.0.43 +S8.E.0.16 +S.E.0.36

Table 9 showed the effect of the interaction between cocoa variety and
Cocoa Swollen Shoot Virus strain in the production and utilisation of nitrogen
in both infected and healthy cocoa varieties. From the table highly significant
differences between the cocoa varieties in their response to Cocoa Swollen
Shoot Virus attack. The healthy cocoa varieties produced more nitrogen than
the infected cocoa types. Of the cocoa types T63/967 X T17/524 produced the
highest quantity of 3.170 in healthy plant and closely followed by PA150 X
NA33 with value of 3.013. PA150 X NA33 also produced a quantity of

nitrogen in the 1A-infected tissues which was significantly greater than that
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‘produced by T85/799 X T65/238 (2.100), T8S/799 X T65/326 (2.090) and
T8S/799 X T79/501 (1.980).

m of the cocon varieties namely, T85/799 X Amelonado (1.930),
T63M67 X mceo, (1.800) and Amefonado X Amelonado (1.790) produced
significantly higher levels of nitrogen than T85/799 X T79/501 (1.610),
T85/799 X T65/326 (1.607) T85/799 X Amelonado (1.600) in thelA infected
tissues than in the N1 infected tissues of the cocoa varieties.

Also T85/799 X T79/501 (1.420) T63/967 X T65/326 (1.390)
produced more nitrogen than T63/967 X Y65/326 (1.387) and T85/799 X
T65/238 (1.307) in the 1A infected tissues than the N1 infected tissues.
Molecalar weight of total proteins of CSSV infected and healthy cocoa
types

The molecular weights of proteins identified in swollen shoot virus
infected and healthy cocoa type are presented in Table 10, and photographs of
Plates 12 to 15 show the polyacrylamide gel electrophoresis of the resolved
protein bands from which the molecular weights were calculated using the

calibrated curves in Figs 9 to 12.
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Piate 12(a): original gel loaded with samples of cocoa types in wells 2-10, i’

and standard molecular weight marker in well (1). (x 2)

The gel plate 12(a) was loaded with samples of cocoa types in wells
numbered 2-10. The standard molecular weight marker was loaded in the first
cell. The order for loading is as follows: The healthy cocoa sample of the
cocoa type (control) was always loaded first, followed by the sample infected
with 1A strain of the CSSV and then the sample infected by the mild strain.
Gel Plate “a” was loaded with samples from T85/799 X T65/238 in the
second, third and fourth wells, T85/799 X T65/326 in the firth, sixth and
seventh wells whereas T85/799 X PA7/808 was loaded in the eighth, ninth and

tenth wells.
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Plate 13 (a): Original gel taken from gel plate Number “b” (x 2)
Plate “b” (Plate 113a) was loaded with cocoa protein samples from
T63/967 X IMC60 in second, third and fourth wells, T63/967 X T17/524 in

the fifth, sixth and seventh well, and T63/967 X T65/326 in the eighth ninth

and tenth wells.
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Plate 14 (a): Original gel taken from Piate Number ¢ (x 2)

Plate “c” (Plate 14 a) was loaded with samples from cocoa types
namely, PA150 X NA33 in the second third and fourth wells whereas T85/799

X Amelonado in the firth sixth and seventh wells,
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Plate 15(a): Original gel taken from Plate‘d’ (x 2)

Gel plate “d” (Plate 15(a) was loaded with samples from the cocoa
types Amelonado X Amelonado (standard) in well two; three and four whiles

T85/799 X T79/501(Standard) in wells five, six and seven.
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Plate 15(b): Gel taken from Plate “d” and manipulated. ( 3 2)

GEL CONCENTRATION

61
5 5 w . .
O 4- ¢ —
Q 3
z,) y = -0.0856x + 4.9943

1 RZ= 0.9486

0 2 4 6 8 10 12
ANTILOG OF MWM R ¢

Fig9 Calibration curve for Gel Plate A
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0 2 4 6 8 10 12
ANTILOG OF R, OF MWM
Fig 10 Calibration curve for Gel Plate B

. GEL CONCENTRATION
5 .-‘sv-\';

- ——— .

8 41 "

2 s

2 y = -0.1383x + 5.0219
21 R*= 0.9161
1 o
0 ' '

0 2 4 6
ANTILOG OF R OF MWM

Fig 11 Calibration curve for Gel Plate C
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y = 0.1163x + 5.0365
R =0.9181 |
0 , . — —
0 2 4 6 8 10

ANTILOG OF R, OF MWM

Figl2 Calibration curve for Gel Plate D

It can be seen from Table 10 that the molecular weights varied from
11.9 to 62.2 kDa. With the exception of T85/799 X Amelonado and T85/799
X T79/501 crosses, all the other crosses with T85 produced the same types of
proteins in both the infected and healthy crosses, with the protein sizes ranging
from 19.6 to 62.6 kDa. Similarly, all crosses with T63/799 tend to produce
proteins of the same molecular sizes, ranging from the lowest of 43.8 to 59.6
kDa. It is interesting to note that the infected and heaithy PA150 X NA33
produced protein of molecular weights 59.6 and 59.2 kDa as T63/967 crosses.
They also produced protein of size 23.9 kDa, which was not in the T63/967
crosses and in all the healthy tissues of the cocoa types.

In the case of T85/799 X Amelonado, even though both the infected
and the healthy produced two types of proteins of similar sizes that is 59.6 and
52.9 kDa, the CSSV 1A produced protein size 38.4 kDa in addition to the 23.9

kDa protein produced by the N1 mild strain which were not in the healthy
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. mmmmmxma T85/799 X Amelonado produced proteins
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" heplthy plants.

Amelonado seifed produced four types of proteins in the CSSV 1A and
three types in the healthy but only one type in the mild strain, which is 61.0
kDa, which is also found in both the healthy and the infected. The fourth
protein (24.1 kDa) produced by Amelonado selfed was similar in size to 23.9
kDa produced by the infected T85/799 X Amelonado. It can be seen from the
table that T85/799 X T79/501 produced four types of proteins with similar
molecular weights in both infected and healthy cocoa tissues. These were 61.1,
52.6, 17.5 and 11.9 kDa. In addition, the CSSV infected produced two
additional proteins of size 24.1 and 46.6 kDa. The mild strain infected tissues
produced one type of protein of molecular weight, 61.0 kDa.

T85/799 X T65/238 produced the same types of proteins in healthy and
infected tissues. These were 62.6, 49.4, 34.5, and 19.9 kDa. Apart from 19.9
kDa which was absent in the healthy tissues of T85/799 X T65/326, all the
other proteins found in T85/799 X T65/238 were also found in T85/799 X
T65/326.

T85/799 X PA7/808 produced proteins of weights 62.6, 49.4 and 19.9
kDa in both the healthy control and CSSV-1A infected tissues. Protein weight
of 19.9 kDa was absent in mild N1 infected tissue. In T63/967 X IMC60,
CSSV- 1A infected tissues produced 59.6 and 52.1 and 43.8 kDa proteins,
whereas CSSV-N1 produced 59.6 and a different protein of 35.2 kDa. The

healthy control also produced 59.6, 52.1 and 43.8 kDa.



;.Mmummhmmmbym CSSV-1A, and the
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594, 52.1 snd 43.8kDu. The mild strain (N1) Cocoa Swollen Virus infected
tissues of T63/967 X T17/524 produced protein of weights 59.6 and 52.1 kDa.
mmumsnnmedm same types of proteins, 59.6 and 52.1 kDa,

in healthy, CSSV 1A and N1 tissues.
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Table 10 Molecular weight of proteins (kDa) of cocoa types

PROGENY

CSSV-1A

CSSV-N1

HEALTHY CONTROL

1. T 85/799 X T65/238,
2. T85/799 X T65/326,
3. T85/799 X PA7/808,
4. T63/967 X IMC60;
5. T63/967 X T17/524,
6. T63/967 X T65/326,
7.PA150 X NA33,

8. T85/799 X AMEL
9. AMEL X AMEL

10. T85/799 x T79/501

62.6,49.4, 34.5,199
62.6,49.4, 34.5,199
62.6,49.4,19.9

59.6,52.1,43.8

59.6, 52.1,43.8

59.6, 52.1

59.6, 52.9,23.9,17.5, 12.0
59.6,52.9, 38.4,23.9,17.5, 12.0
61.0, 52.6, 38.9, 24.1

61.0, 52.6, 46.6,24.1,17.5,11.9

62.6,49.4 345,199
62.6,49.4 345,199
62.6,49.4

59.6,35.2

59.6, 52.1

59.6, 52.1

59.6,23.9,17.5
59.6,52.9,23.9,17.5,12.0
61.0

61.0

62.6 49.4,34.5,199
62.6, 494, 34.5
62.6,49.4, 199
59.6,52.1,43.8
59.6,52.1,43.8

59.6, 52.1

59.6, 52.9,17.5, 12.0
59.6,529175,12.0
61.0, 52.6, 38.9

61.0, 526, 175, 119
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CHAPTER FIVE
DISCUSSION

The observations from both gauze house and laboratory studics clearly
indicated that all the cocoa types inoculated with Cocoa Swollen Shoot Virus
1A strain were susceptible to some extent to the cocoa virus by showing
varied degree of severity in the symptoms they expressed.

The effects of the 1A virus were apparent within a month of infection
and planting (Goodall, 1949).This suggested that the CSSV 1A virus was
virulent and infective to all the cocoa types as reported earlier by Posnette and
Todd (1951).

However, of the ten cocoa types used, PA150 X NA33, was the least
affected by the virus in terms of symptoms expressed probably because it had
an upper Amazon parentage introduce by Pound (1943) and more difficult to
infect with the Cocoa Swollen Shoot Virus than the local Amelonado(Posnette
and Todd,1951).T85/799 X T65/238 had the highest level of infection contrary
to the observation made by Kenten (1975), that the parentage T85/799 and
T65/238 were the least infected by Cocoa Swollen Shoot Virus than T63/967
and T79/501. There were no differences between next two susceptible cocoa
types, T85/799 X Amelonado and T85/799 X T79/501. This may have

resulted because both are series II hybrids and may have evolved from the

same parentage.
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Posnette (1947) w-s supported by the findings of the CSSV screening in the
guxxe house as Amelonado X Amelonado was observed to have a significantly
higher level of infection than the rest of the other cocoa types except T85/799
X T65/238. T85/799 X T65/326, T85/799 X Amelonado and T85/799 X
T79/501 were not different from one another in terms of CSSV 1A infection.
It could be that they are from the same genotype source (Abdul-Karim et al.,
2004).

The N1 mild strain did not show symptoms on any of the cocoa types,
as did the severe New Juaben 1A strain confirming observations of Attafuah
and Dale (1958) that the New Juaben isolate is the most virulent of Cocoa
Swollen Shoot Viruses. The disease severity was higher on patch grafted
seedlings than on those inoculated by mealy bug as a result of the inoculum
pressure being too high in patch grafting than in mealy bug transmission of the
cocoa swollen shoot virus as observed by Adu- Ampomah et al., (2002).

It was noted that, the total polyphenol content in cocoa types was
influenced by viral infection. The amount of total polyphenols content
increased with infection with the severe 1A viral strain as reported by Kumar,
(1991), Sharma and Chowfla, (1991), and Suresh ez al., (1991). However, the
amount of the total polyphenols in N1 mild strain infected tissues was
significantly lower than the amounts found in healthy plant tissues probably
because the N1 mild strain was not potent enough to influence the cocoa types
to induce the production of polyphenols. It could aiso be that the total
polyphenol contents produced by the cocoa types during infection with N1

mild strain virus were utilised to offset the effect of the virus.
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These were sigeificant differences between the levels of total
polyphesclic em:m of the cocoa varicties. T85/799 X T79/501 had the
highest comtent of 32.25 g/kg of total polyphenolics among the cocoa types
used. It did not, however, have the lowest infection level as polyphenols have
been implicated in providing immunity to plants (Harborne, 1995). It could be
that not all polyphenols confer immunity to plants as observed by Nimal et al.,
(2005). Constitutively, PA150 X NA33 and T85/799 X T79/501 had the
lowest amounts of total polyphenols. These amounts were induced over 74 and
108 % after infection with CSSV 1A strain and 148 and 141 % respectively
after infection with CSSV N1 mild strain, but Baruah and Chowfla, (1994)
sugpested that there were higher levels of polyphenols in healthy plants and
these higher contents of secondary metabolites in healthy plants protected
them from infection. The results of the study revealed that there is weak
correlation (0.334) between total polyphenols content and susceptibility to
CSSV infection in the cocoa types which somewhat confirmed an earlier
findings by Adomako (1974) that there is no correlation between polyphenols
content and susceptibly to CSSV.

The observation that nitrogen content decreases with infection in both
1A and N1 infected issues was at variance with the observations of Adomako
and Hutcheon (1974) that no differences existed in the nitrogen levels of the
infected and healthy cocoa tissues. In this study, the 1A-infected cocoa tissues
however, produced more nitrogen than the N1 infected tissues. The nitrogen

content of PA150 X NA33 was significantly higher than the rest of the cocoa

types.
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A sitaple but efficient method of resolution of total proteins from
intfocted and healthy cocom tissues was used to resolve many different proteins.
The protein profiles detected were found to be akin to the pathogen.

The presence of some proteins in certain cocoa types and the absence
in others suggested that such proteins may be pathogenic. Those thought to be
pathogenic related proteins compared favourably in size with Cocoa Swollen
Shoot Virus and other badnaviruses (Dzahini-Obiatey er al., 2002). For
example 23.9/24.1 and 46.6 kDa proteins observed in this study are close in
size to the 22.4, and 46.0 kDa proteins obtained by Hughes ez al., (1994, 1995)
The 23.9 kDa protein is also close in size to the 23.0 kDa putative protein of
the open reading frame 1 (ORF1) of the sequence data of the Commelina
Yellow Mottle Virus (Medbery et al., 1990).

The close relationship between the 23.9 kDa protein and one of the
severest isolates, (CSSV 1A) suggested the functional role of the protein
(Dzahini-Obiatey er al., 2002). The presence or absence of certain resolved
protein weights of tissues of the cocoa types may give an indication whether
the plant is attacked by the 1A isolate or the N1 isolate.

The results on molecular weights of proteins revealed the synthesis of
many proteins, some of which may be pathogenic related. A protein weight of
23.9 kDa was resolved in PA150 X NA33 in the CSS1A, and N1 tissues. This
same protein weight was found in the CSSV infected tissues of T85/799 X
T79/501 and Amelonado X Amelonado and both CSSV1A and N1 tissues of
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g | 'mx%mmausmm in the healthy tissues
" smgmestod thut the 23.9 KDDe protein mary be pathogenic. The functional role of
this puthogenic reinted protein (Dzahini-Obintey ef al., 2002) may be in the
disease initiation in the cocon types found. The presence of 23.9 kDa protein
size may be responsible for the significantly high incidence of CSSV observed
on PA150 X NA33. However, the significant amount of nitrogen content in
PA150 X NA33 may have offset the severe effect of the pathogen. Similarly,
the low level of nitrogen coupled with the presence of protein weight of 24
kDa may have been responsible for the high susceptibility of Amelonado X
Amelonado. The combined effects of 46.6 kDa and 24.1 kDa protein besides
the low amount of nitrogen in T85/799 X T79/501 may have accounted for its
susceptibility to the Cocoa Swollen Shoot Virus.

The proteins with approximate size of 62.6, 61.0, 59.6 kDa, and 52.1
and 49.4 kDa present in both the healthy and CSSV 1A infected tissues could
therefore not be associated with CSSV infection (Dzahini-Obiaatey et al.,
2002). It is also not very certain the role played by the other proteins size such
as 38.4, 34.5, 19.9, 17.5 and 12,0 kDa. They may be present initially in the
tissues but with time may disappear in the healthy tissues and become
pathogenic related may be from the plant host origin rather than due to CSSV

infection.
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CHAPTER SIX .
SUMMARY, CONCLUSION AND RECOMMENDATIONS

From the study the findings are summarized as:

L

10.

There were different levels of resistance of cocoa types to the Cocoa
Swollen Shoot Virus.

All the cocoa types screened were susceptible to the Cocoa Swolien
Shoot Virus 1 A strain and not the mild strain.

The CSSV reduced the level of nitrogen in infected cocoa types.

There is a strong negative correlation between nitrogen content and
CSSV disease resistance of cocoa types.

Graft inoculated cocoa types succumbed to the effects of the virus than
the mealy bug inoculated cocoa types.

PA150 X NA 33 was found to be a promising cocoa variety for
breeding purposes.

Amelonado is still a very susceptible cocoa type.

Proteins, rather than total polyphenols were responsible for resistance
in cocoa.

Proteins of approximate molecular weight of 23.9 kDa and 46.6 kDa
may be responsible for Cocoa Swollen Shoot Virus disease initiation
and progression.

Total polyphenols increased with CSSV 1A strain infection and

decreased with the N I mild strain infection.
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The studies rovesied that biochemical changes occurred in Cocoa
Swollen Shoot Virus infected cocoa plants. However, the occurrence of some
pathogenic proteins in some cocoa types infected with CSSV is indicative of
the possibility of the considerable variation in resistance levels. These
variations in the resistance levels of the promising varicties could be utilized
in the development of new cocoa varieties with predictable level of CSSV
resistance.

Recommendations

On the basis of the findings of this study, it is recommended that:

L The screening of cocoa types through biochemical means should be
repeated.

2. High Powered Liquid Chromatography (HPLC) should also be used to
determine quantities of the various phenolics in the cocoa types and
relate them to CSSV infection.

3. Further work should be done to monitor the levels of total polyphenols
and nitrogen as well as the molecular weights of proteins, protein
synthesised and their utilization at intervals during growth of the
cocoa types.

4, Further breeding work should be done to increase nitrogen levels of the
cocoa types constitutively.

5, Amelonado can still be used as a susceptible test plant.




& Mm mmm wnd T63/967 X T17/534, snd
ik *=a?mmxmum1xmceomuumw

o be promising resistant varieties.
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Asulysh of vasinnee tehiy for sumiber of CSSV symptoms

Sowrces 4d.f Sum of squares Moan square  F value Prob
Variety (A) 9  2307.006 256.334 3549.2393  0.0000
Days (B) 1 74298.050 74298.050 1028742.2308 0.0000

Var/Day (AB) 9  2787.006 309.667  4287.7009  0.0000
Error 40 2389 0.072

Strain (C) 2 25966.633 12983317  133542.6857 0.0000
Var/Strain (AC) 18  5936.478 329.804 33922730  0.0000
Day/strain (BC 2 15056.033 7528017  77431.0286 0.0000
Var/Day/Str{ABC) 18 5239.078 291.060  2993.7587  0.0000
Error 80 7.778 0.097

Total 179 131600.950

Coefficient of Variation: 0.94%
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Source of Degreeof Sum of

Mean F
Veariation Freedom  Squares  Square Value Prob
Variety (A) 9 3837.114 426346  33497915.6107 0.0000
Strain (B) 2 4526260 2263.130 177813617.4321  0.0000
AB 18 7535.880 518.660 32894024.7633  0.6000
Error 60 0.001 0.000
DAYS(C) 1 3907.926 3907.926 307044916.4555 0.0000
AC 9 1673.744 185972 146117415216  0.0000
BC 2 7055.479 3527.740 277173725.5134  0.0000
ABC 18 2591204 143956  11310572.9483 0.0000
Error 60 0.001 0.000
Total 179 31127.609

Coefficient of Variation: 0.01%
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. Sourceof Degreeof Sumof  Mean F

Variation Freedjom Squares  Square Value Prob
Replication 2 0.000 0.000 2 0544 0.1374
Variety 9 3.550 0.394 5652.7753 0.0000
Strain 2 18.888 9444 135360.1673 0.0000
AB 19 4.653 0.258 3705.00073 0.0000
Error 58 0.004 0.000

Total 89 27.095

Coefficient of Variation: 0.45%
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- APFENDIX 4

Rutaiiathus Siinesn Soests fyyss and motheds of ineculntion in severity of

Cooon types I*FL. 2¢FL 3VFL 1"FL 2™FL 3"FL
| Mealy bug inoculation  Patch graft inoculation

T85/799 X T65/238 14 3 57 222 241 257
T85/799 X T65/326 52 63 87 117 141 154
T85/799 X PA7 14 36 36 105 179 179
T63/967 X IMC60 24 31 39 77 187 189
T63/967 X T17/524 30 30 49 6 234 250
T63/967 X T65/326 22 21 31 45 213 216
PA150 X NA33 20 27 47 51 165 171

T85/799 X AMEL 12 22 61 79 118 232

3

AMEL X AMEL 30 42 56 222 234

T85/799 X T79/501 22 32 66 60 207 229
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Covoa types "FL 2 FL 3FL 1"FL 2 FL 3"FL

Mealy bug inoculstion  Patch graft inoculation
TRS/T9OXTSS38 67 20 30 65 6 717
TES/T9IXT65326 383 40 533 36 60 T2
T8S/799 X PA7 133 233 283 56 %0 8§
TEMETXIMOSO 133 233 233 56 S58 60
T63METXTI7/524 117 20 267 10 857 89
TEIMETXT65326 117 183 217 56 352 40

PA150 X'NA33 25 40 41.6 30 94 94
T85/799 X AMEL 183 35 433 5 50 55
AMEL X AMEL 21.7 283 40 10 72 75
T85/7T99 X T79/501 5 26 383 1.7 18.5 30
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Poge gt protost
12% 1.5 M Tels, pill 3.8 resolving gel protocols for single gel
Substance

Distilied H:0
0.5 M Tris-HCL, pH 8.8
10% (w/v)SDS 0.1 ml

Acrylamide/Bisacrylamide (30%/0.8w/v)

10 %(w/v) ammonium persulfate
TEMED
Total

4.0% 0.5 M Tris, pH 6.8 stacking gel protocols for single gel

Substance
Distilled H,O
0.5 M Tris-HCL, pH 6.8

10% (w/v) SDS

Acrylamide/Bisacrylamide (30%/0.8w/v)

10 %( w/v) ammonium persulfate
TEMED

Total
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Amount
3.35ml

25ml

4.5 ml
0.05 mi
0.005 ml

10.005 ml

Amount
6.1ml
2.5ml
0.1 ml
1.3 mi
0.05 ml
0.0l ml

10.06 mi
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